The induction of genetic damage in germ cells of Drosophila melanogaster by the pyrethroid insecticide fenvalerate was studied. Adult feeding, larval feeding and adult injection were the routes of administration used. Our results indicate that, under the conditions of testing, fenvalerate is unable to induce sex-linked recessive lethals, sex-chromosome losses and non-disjunction.
Introduction
At the 1973 British Crop Protection Conference, Elliott and his co-workers reported the discovery of permethrin, a new pyrethroid possessing good photostability (Elliott et al., 1973) . Since that time, new photostable pyrethroids have been developed to control a variety of pests, based on their high activity against insects, low mammalian toxicity and low plant residues (Papadopoulou-Mourkidou, 1983 ). For detailed information on the biological activity, mode of action, metabolism and toxicology of pyrethroid insecticides see International Congress of Pesticide Chemistry (IUPAC, 1982) .
In recent years, information regarding fenvalerate's acute toxicity in several species has been published (Verschoyle and Aldridge, 1980; Cagen et al., 1982; Bradbury and Coats, 1982; Rattner and Franson, 1984; Parker et al., 1984) , but there is very little information available as to whether this pyrethroid possesses genotoxic properties. Thus far, fenvalerate has not been found to be carcinogenic in mice and rats (Parker et al., 1983 (Parker et al., , 1984 and it showed no detectable mutagenic activity in Salmonella typhimurium strains TA100 or TA98 and in V79 Chinese hamster cells (Pluijmen et al., 1984) . However, chromosome aberrations and alterations of the mitotic index were observed after prolonged treatment of rats with low doses of fenvalerate (Chatterjee et al., 1982) .
The increasing use of fenvalerate, together with the limited information concerning possible mutagenic effects, makes it necessary to screen this compound for mutagenicity in different screening systems.
The advantages of using Drosophila melanogaster in mutagenicity tests are many (Sobels, 1974) and there are good reasons to include a Drosophila assay in a minimal battery to evaluate in vivo the mutagenicity of chemicals (Sobels, 1980) . In spite of the fact that insecticides would pose special difficulties for mutagenic assays with fruit flies (Valencia, 1981) , several reports showed the applicability of the Drosophila screening system to testing of insecticides (Valencia, 1981; Woodruff et al., 1983; Velazquez et al., 1981 Velazquez et al., , 1986 ).
Here we report the results found in the sex-linked recessive lethal (SLRL), sex-chromosome loss (SCL) and non-disjunction (ND) assays in D. melanogaster, following treatment with fenvalerate using different routes of administration: larval exposure, adult feeding and adult injection.
Materials and methods
Details on materials and methods are summarized in tabular form (Table I) . For a full explanation of genetic symbols of mutant strains see Lindsley and Grell (1968) .
Results and Discussion
In our experiments, fenvalerate showed a significant toxicity (i.e. after the exposure feeding of adult Berlin-K males to 50 p.p.m. and Ring-X males to 25 p.p.m. for 24 h, the mortality was -100%).
The results obtained from different SLRL experiments with strain Berlin-K are summarized in Table II . We applied the Kastenbaum-Bowman significance test (Kastenbaum and Bowman, 1970) , using a FORTRAN program developed by Wurgler and Berchtold (1982) . At the concentrations evaluated, the frequencies of lethal mutations in the exposed groups did not differ significantly from the control values, regardless of the male germcell stage treated and the route of administration used. The lack of mutagenicity of fenvalerate in the Drosophila SLRL assay is in good agreement with the negative results obtained by Pluijmen et al. (1984) in experiments with S. typhimurium strains TA100 or TA98 in the presence or absence of a rat liver activation system, using the plate incorporation assay and fluctuation tests, and in V79 Chinese hamster cells in the presence or absence of hepatocytes. It appears that fenvalerate showed no significant mutagenic activity in tests detecting gene mutations.
In another series of experiments, we tested whether it can induce chromosome damage. The detection of this kind of genetic damage is greatly facilitated when using a ring-shaped chromosome. We therefore used a Ring-X strain in the tests for total sex-chromosome loss (X or Y), partial Y-loss (Y L or Y s ) and non-disjunction. Tables III and IV show the results from sex-chromosome loss induction after adult feeding and injection, respectively. With the exception of the statistically significant increase in the frequency of complete losses after exposure to 5 p.p.m. in feeding experiments, analysis of the data led to the conclusion that fenvalerate is not able to produce clastogenic effects after adult exposure. In our opinion, the seemingly significant increases found may be due to chance, since ~ 1.5% loss represents a yield that is observed in controls.
The results of tests on SCL and ND after treatment of third instar larvae are presented in Table V . As can be seen, fenvalerate was also ineffective when pre-meiotic germ cell stages were treated.
Our negative results in the tests assaying for chromosome damage are not in accordance with the results obtained by Chatter- Fenvalerate was dissolved in ethanol and then diluted in a 5% sucrose solution in distilled water, to give a final ethanol concentration of 5% and the desired insecticide concentration. In treatments by injection, fenvalerate was dissolved in cotton oil
Males were treated for 24 h in glass filter special feeding units after 4 h of starvation About 0.2 p\ of solution was injected into the abdomen of the males. Flies were allowed to recover for 24 h before mating Third instar larvae were treated in 125-ml bottles containing 25 ml of culture medium; 1 ml of solution was added to the surface of the medium Standard Base scheme (Wurgler et al., 1984) Standard Ring-X scheme (Valencia et al., 1984) For adult treatment, males were mated with three new virgin females for each of three broods (3, 2 and 2 days). For larval treatment only one brood was performed For adult treatment, males were mated with new virgin females (5 Of a H 9 9) for each of two broods (3 and 2 days). For larval treatment only one brood was performed As we treated larvae, only one brood was performed Significant at the 5% level (Kastenbaum -Bowman test).
Non-mutagenirity of fenvalerate in Drosophila includes phenotypes corresponding to spontaneous non-disjunction and mosaics.
•"Differences between treatments and controls are not significant (Kastenbaum -Bowman test) . Differences between treatments and controls are not significant (Kastenbaum -Bowman test) jee et al. (1982) . They reported that when fenvalerate was force-fed at low daily doses to Rattus norvegicus, in vivo, over a long period, some abnormalities representing chromosome breakage were found. It should be noted, however, that cumulative effects after prolonged treatment may be attributed in part to the action of the detoxification products of the pyrethroid, as Chatterjee et al. (1982) pointed out. Taking into account that the SLRL assay records a broad mutation spectrum (point mutations, deletions and aberrations), and that the test for ring-X losses is a pertinent tool for estimating chromosome breakage, the repeated negative results obtained in this work testing different kinds of genetic damage following several routes of administration support the view that fenvalerate is not mutagenic in Drosophila, at least under the conditions of test.
